Real-time navigation, traffic monitoring, broadcasting messages of accidents and entertainment applications require a large number of data sensed by vehicles in the vehicular Ad-hoc networks (VANET). Collection and aggregation of this data is an essential part of implementing these applications. In this paper, we study the maximize aggregation data (MAD) problem in VANET. Based on the idea of greedy algorithm, two different algorithms are proposed to solve the limited communication MAD problem and unlimited communication MAD problem. The core idea of both algorithms is to construct a dynamic routing tree and scheduling the transmission time of each vehicle simultaneously. Real-time traffic information and changeable remaining time are combined to establish the tree. In order to reduce the invalid transmissions, only vehicles that can carry data within the delay constraint or directly forward data to the target node are considered to become relay nodes, aiding in the transmission process of other vehicles. Simulation is performed on the analog trajectories sets, and results show that our proposed algorithms have a higher collection rate compared with other schemes.
Introduction
Vehicular Ad-hoc Network (VANET) is a special network of the Mobile Ad-hoc Network (MANET). It plays a significant role in the implementation of the Intelligent Transportation System (ITS) [1] . Two primary components of the VANET are vehicles and infrastructures, which involve three types of communications: vehicle to vehicle (V2V) communication, vehicle to infrastructure (V2I) communication, and infrastructure to infrastructure (I2I) communication. Either one or more of these communications serve entire applications in VANET.
Lots of sensory data generated by vehicles in VANET help in the running of different applications, like traffic safety related applications, traffic coordination and management applications, and Internet access service applications [2] [3] [4] [5] . More importantly, the collection and distribution of this data is the basis of operating these applications. We focus on the delay constraint data collection problem in the urban environment in VANET. Due to the shortcomings incurred by VANET [6] [7] , the data collection methods used in static Wireless Ad-hoc Network (WSN) are not suitable for data collection in VANET.
Here, we consider such a scenario that the Data Center (DC) at the crossroads is an infrastructural node, which is responsible for periodically collecting the sensing data of vehicles within a certain range and a certain delay constraint. After the collection process is terminated, DC should simply aggregate this data and store it while waiting for the requests of subscribers interested in this data; of course, the main subscribers are applications in VANETS. In this paper, we study the maximize aggregation data (MAD) problem in VANETS. Data packets are generated by vehicles by processing the raw sensory data. These packets are required to transmit to DC within the given collection delay. Owing to the shortcomings of VANET, it is impossible to collect all data packets in a large region if a relative lower delay is given. The objectives of the MAD problem are to maximize the amount of information collected by DC and to try to reduce the transmissions in the process of data collection in VANET.
In this paper, we formulate the MAD problem and divide it into two sub-problems according to the value of the communication range of DC. It has been verified that the MAD problem is an NP-hard problem [8] . Based on the idea of recursive and greedy algorithms, two different algorithms are proposed, i.e., limited communication transmit schedule (LCTS) algorithm and unlimited communication transmit schedule (UCTS) algorithm. The core thought of both two algorithms is constructing a dynamic routing tree to schedule the transmission time of each data packet. Real-time traffic information and changeable remaining time are combined to efficiently select the relay nodes for the packets needed forwarding. Vehicles that can carry the data packets to DC within the given delay constraint or direct forward the data packets to DC have the best ability to become the relay nodes. Note that such carry data vehicles can aggregate the data they receive and unit it to a packet before they transmit their original data packets, so they have more priority to become relay nodes than the vehicles that can direct forward the data packets to DC. Thus, approximately selecting these nodes can promote the amount of information DC collects and reduce the transmissions.
The rest of this paper is organized as follows: we review some previous studies in Section 2. In Section 3, a detailed introduction is stated to show the assumptions and problem formulations, the LCTS algorithm and the UCTS algorithm. Simulation for each algorithm is depicted in Section 4. In Section 5, we conclude this paper.
Related Work
Many work on data collection has focused on WSN. In [9] , Bagaa et al. proposed a scheme based on semi-structured and unstructured topology, which could simultaneously construct the aggregation tree and schedule the transmission time.
Hariharan and Shroff [10] [11] studied the problem of maximizing the aggregated revenue with deadline constraints. It could be formulated as an integer optimization problem, and a dynamic programming based algorithm was proposed to solve it. There have also been other works that consider the delay bounded data aggregation in WSN [12] [13] .
However, most of the above-mentioned delay constraint approaches in WSN suppose that the network is static, which obeys the characteristics of VANET and cannot be directly used in VANET for data collection. In VANET, several solutions exist in the literature to solve the MAD problem. Palazzi et al. [14] proposed the DB-VDG protocol, which used the delay bounded pattern to regulate whether to forward the data immediately or carry them in memory when the vehicle moves. It could properly alternate between the data carrying strategy and the multi-hop forwarding strategy. Yu et al. [15] proposed the catch-up algorithm, which was an adaptive forwarding delay control scheme and was based on a distributed learning algorithm (Q-learning algorithm). The transmission time of each node could be decided through the Markov model. He and Zhang [16] proposed an approach that could adaptively choose to whether carry or forward the data based on the current traffic information. Their goal was to minimize the network communication overhead while satisfying the delay constraint. Zhu et al. [17] studied the delay-constraint data aggregation problem and proposed an approach called aTree. The aTree was constructed based on the shortest path tree and assigned a waiting time to each node on the tree based on the dynamic programming. Salhi et al. [18] proposed a cross layer protocol, i.e., CGP protocol. The CGP protocol was based on the geographical cluster to collect data. Data in the cluster was firstly collected to cluster head and was then transmitted to the sink node. Other researches on VANET about the data collection problem mainly focus on the accuracy of aggregation data [19] [20] [21] .
Unfortunately, some existing mechanisms in VANET have the problem of threshold forwarding and insufficient exploitation of real-time traffic information. Also, the premise of some schemes is to first establish a routing tree and then schedule the transmission time of each node on the tree. However, Bagaa et al. [9] pointed out that the shape of the preconstructed routing tree affected the performance of the proposed solutions. When we take all these factors into account, we propose our LCTS and UCTS algorithms to overcome the difficulty of data collection in VANET.
Method

Assumption
We assume that vehicles on different road segments are equipped with on-board units that can communicate with both vehicles and infrastructures. At the same time, GPS or digital maps are also attached to vehicles to accurately obtain the information of the vehicle's location, especially the location of DC. Generally speaking, DC's location is at the center of the crossroads. The size of the collection area mainly depends on the predefined information collection range that can be set arbitrarily according to needs. However, it must be within the circle of the variable radius that is limited by the location of DC and the information collection range.
Model and Problem Formulation
A time slot based clock synchronization system is considered in this paper. [ , ] IS DC  means the maximum information DC collects before the collection delay  .
In this section, we formulate our problem as follows. Our goal is to maximize the amount of information collected by DC in the delay  while minimizing the number of transmissions to reduce the network overhead.  , the MAD problem can be formulated as Equation (1):
[ , ] IS DC  can be calculated by Equation (2) , where i n is the data packet composed of raw sensory data by vehicle .  The second item in Equation (1) ensures that the total delay DC used for collecting data is lower than ,  while the third item in Equation (1) guarantees that the time each i c in C utilizes for collecting data is less than .
In this paper, since DC has different communication ranges, we can divide the communication of DC into limited communication and unlimited communication. Then, we partition the MAD problem into the limited maximize aggregation data (LMAD) problem and the unlimited maximize aggregation data (UMAD) problem. Greedy based algorithms are proposed to solve these two different problems. Figure 1 gives an example diagram of the LMAD problem and UMAD problem. Table 1 gives the initial position and the average speed of each vehicle at time 1s t  . The negative sign of the initial position only represents the mark on the left or right side of DC when the axis is set from left to right with DC as the origin. The average speed is a vector. When it is a negative value, it means that the driving direction of the vehicle is in the opposite of DC, and vice versa. Figure 2 gives the dynamic routing trees constructed in the limited communication and unlimited communication scene using the LCTS algorithm and UCTS algorithm, respectively. The transmission time of each node is described using the curly braces in the tree. Details about the two algorithms will be presented in Section 3.3 and Section 3.4. 
Communication Limited Data Collection
When DC has limited communication, the communication radius of DC is extremely low. It may be 10m; this size is just the intersection's width. Under this circumstance, it is crucial to transmit the data packets to DC according to the real-time traffic information and collection delay. We propose an algorithm that uses the idea of greedy algorithm. A dynamic routing tree is simultaneously established when scheduling the data transmission time using the proposed LCTS algorithm, which is also the solution to the LMAD problem. It mainly consists of two components: 1) select the parent nodes according to the real-time traffic information and changeable left time, and 2) establish the tree based on the selected parent nodes in 1).
LMAD Problem Depiction
In this case, the definition of the LMAD problem is the same as the MAD problem portrayed in 3.2. Nevertheless, with regard to the transmission time of i c , it will be discussed in the following two cases:
1) Vehicle and DC are in the reverse direction.
In Equation (3) 
In Equation (4) 
Dynamic Routing Tree Construction
As we can see in 3.3.1, vehicles in the limited communication scene will eventually transmit their data packets through the carry strategy. This means that in CAT, the root node is DC, and the sub-roots are the vehicles that can carry data packets within the delay constraint. 1. if it is, the direct forward strategy is selected, and if not, the forward strategy is adopted. Similar to the LCTS algorithm, the UCTS algorithm is composed of two steps: 1) select the parent nodes according to real-time traffic information and changeable remaining time, and 2) construct the tree based on the selected parent nodes in 1).
UMAD Problem Depiction
In this scene, the UMAD problem definition is the same as the MAD problem portrayed in the 3.2. For the transmission time , i c t it is formulated as Equation (5). In Equation (5) 
Parent Node Selection
After the UMAD problem has been depicted, the parent node selection algorithm based on this problem is formed. Algorithm 3 shows the particulars of this algorithm. In Algorithm 3, four kinds of nodes are obtained after dividing set C into four subsets: () i Nc , carry c , forward c , and .
short c
In other words, 1) nodes that can carry data and are in the same direction as DC, 2) nodes that can directly forward the data, 3) nodes that have a smaller distance to DC and a higher speed than , i c and 4) nodes that have a smaller distance to DC. The order of 1) -4) is the sequence to select parent nodes. Proof The complexity of the UMAD problem can be analyzed similarly to the LMAD problem in 3.3.3. Thus, the proof will not be given in here.
Experiments
Here, we compared our LCTS and UCTS algorithms with two baseline solutions: the DB-VDG protocol [14] and aTree algorithm [17] . The DB-VDG protocol is composed of two strategies, named SBSS and DBSS. However, it has been verified that the DBSS strategy has a superior performance to the SBSS strategy in [14] . Thus, the DBSS strategy in the DB-VDG protocol and the aTree algorithm are adopted to evaluate our solutions in limited and unlimited communication scenes.
Methodology and Simulation Setting
We use the Manhattan mobility model to generate the vehicle's mobility trajectories. Then, the schedule algorithms run on these trajectories to obtain the simulation results. Table 2 gives the default parameters of the experiment. Two key performance metrics are employed for performing the evaluation. They can be depicted as follows:
1) Data Collection Ratio. The index of the data collection ratio is defined in Equation (6) . It is an indicator of the effectiveness of the collection algorithm, where collected N is the amount of data packets collected at DC and generated N is the amount of data packets generated by all vehicles in the network. 
2) Data Collection Efficiency. The index of the data collection efficiency is defined in Equation (7). It is an indicator of the efficiency of the collection algorithm, where collected N has the same meaning compared with Equation (6) . i S is the amount of packets i c sends to DC, and collected is the vehicle set corresponding to the packets DC receives. This means that one vehicle may transmit multiple packets during the delay constraint . 
Impact of Number of Vehicles
In this section, we evaluate the performance of the proposed algorithm with respect to the number of vehicles within the collected area in the network. We consider the number of vehicles ranging from 10 to 70, with 10 as a gap. Other parameters except this employ the predefined default value in Table 2 . Figure 3 illustrates the change in data collection ratio as the number of vehicles increases in the limited communication scene. As shown in Figure 3 , the data collection ratio of the two algorithms gradually increases, decreases, and then stabilizes as the number of vehicles increases. The LCTS algorithm achieves better performance than the DB-VDG protocol. The most important reason is that the LCTS algorithm is declined to select the vehicles that can carry the data packets rather than the nearest vehicles as the relay nodes, which in turn enhances the data collection ratio. Figure 4 and Figure 5 give the change of data collection ratio and data collection efficiency with the number of vehicles in the unlimited communication scene, respectively. We can see from the two figures that when the number of vehicles increases, the data collection ratio rises and then stabilizes, while the data collection efficiency declines and finally stabilizes. Also, the UCTS algorithm outperforms other schemes in these two aspects. More crucially, with our scheme, three transmission strategies are formed. The carry strategy and the direct forward strategy vehicles unnecessary forward their data packets to other vehicles. In addition, the carry strategy vehicles have a priority to become relay nodes waiting for other packets that are transmitted to them, and this improves data collection ratio and data collection efficiency. 
Impact of Delay Constraint
Here, we investigate the impact of delay constraint on the performance of the different schemes. The delay is varied from 5s to 40s, with 5s as a gap. The rest of the factors adopted the default value in Table 2 . Figure 6 and Figure 7 depict the effects of an increasing delay on the data collection ratio and the data collection efficiency in the limited communication scene, separately. From the two figures, we can draw a conclusion that as the delay constraint becomes longer, the data collection ratio and the data collection efficiency gradually enlarge and stabilize. This is because a longer delay constraint allows more time to collect data and increases the carry strategy vehicles. We find that the LCTS algorithm still obtains a higher data collection ratio and data collection efficiency than other solutions. Thus, completely using the real-time traffic information can help in selecting relay nodes for data packet forwarding and reducing the number of invalid transfers. Figure 8 presents the comparison of the data collection ratio of the UCTS algorithm with two other baseline schemes in the unlimited communication scene. The graph shows that prolonging the delay makes the data collection ratio rapidly grow until becomes unchangeable. We can easily draw a conclusion that the effect of the delay constraint is tremendous. The opportunity of successfully transmitting a packet quickly increases once the delay increases, which is especially reflected in the UCTS algorithm when utilizing the real-time traffic information and changeable remaining time to efficiently construct a dynamic routing tree. Therefore, setting the collection delay should be based on what applications we used in VANET. 
Conclusion
In this paper, we have presented a solution to solve the MAD problem. According to the value of the communication range of DC, we separate the MAD problem into the LMAD problem and UMAD problem. Different algorithms, i.e., the LCTS algorithm and UCTS algorithm, are proposed to solve these two sub-problems. The core portion of both algorithms is to construct a dynamic routing tree (CAT) to scheme the transmission time of each data packet generated by vehicles. In the LCTS algorithm, the root of the tree is DC, and vehicles that can carry data packets within the delay constraint compose sub-roots of the tree. Although CAT has the same root as DC in the UCTS algorithm, the sub-roots are constituted by the carry strategy and direct forward strategy vehicles. The idea of greedy algorithm is adopted to decide the parent node of each sub-root node; by recursively implementing this process, we can obtain the CAT when combining the real-time traffic information and the changeable remaining time together. We have compared our LCTS algorithm and UCTS algorithm to the DB-VDG protocol and aTree algorithm, and experimental results show that our algorithms perform better in terms of data collection ratio and data collection efficiency.
